The intensive care unit (ICU) environment is prone to the risk of adverse events (AEs) and medication errors (MEs). The objective of this work was to describe a multidisciplinary safety program focused on AE and ME reporting and review in an ICU over a 7-year period. Methods: The program was implemented in an 18-bed medical ICU of a 2,200-bed university hospital. A multidisciplinary steering committee (intensivist, clinical pharmacist, nurses, and research assistants) met monthly. The first part of the meeting was dedicated to the review of events targeted through an internal voluntary reporting system, and the second part concerned the analysis of the previous month's events, according to a standardized method called Orion, inspired by the aeronautic industry. Results: A total of 808 AEs were reported, mostly related to medication processes (30.3% and 33.4% for prescription and administration, respectively). Among these, 526 AEs were related to medications (65.1%), of which 464 were MEs (88.2%). These MEs concerned mostly anti-infective drugs (23.5%) and related to wrong doses (35.8%). Among all AEs reported, 58 (43 MEs [74.1%]) were analyzed further and found to be associated with anti-infective (16.1%) and vasoactive drugs (16.1%). According to National Coordinating Council for Medication Error Reporting and Prevention classification, most AEs caused no harm to patients (category A-D: 38 events, 65.5%). Nurses were most often involved in the analysis (50.7%), along with pharmacists (37.5%). Training was identified as the most frequent corrective action (45.1%). Conclusion: This program dedicated to AE and ME reporting, review, and analysis in ICU showed long-term engagement of the health care team in AE surveillance and helped in targeting measures for education, organization, and promoting teamwork and safety.
Introduction
A culture of safety is essential to improve quality of care in intensive care units (ICUs).
1,2 Because of underlying comorbidities, organ dysfunction, equipment, and polymedication, critically ill patients are at high risk of adverse events (AEs), especially adverse drug events (ADEs). 3 The World Health Organization defines an ADE as "any untoward medical occurrence that may present during treatment with a pharmaceutical product but which does not necessarily have a causal relationship with this treatment". 4 ADEs may also be caused by medication errors (MEs), which the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) defines as "any preventable event that may cause or lead to inappropriate medication use or patient harm while the medication is in the control of the health care professional, patient, or consumer". submit your manuscript | www.dovepress.com
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Making the complex medication process safer is challenging. 5 Few errors result in harm, but some occur repeatedly, affecting more patients and increasing risk. A large French study aimed to select medical errors suitable for use as quality indicators using a modified Delphi technique, and then to evaluate the incidence of these medical errors in ICUs and to assess their relationship with mortality. This study, which involved testing a multifaceted program for improving quality of care in ICUs, showed a threefold-increased risk of death in ICU patients experiencing more than two AEs. 6 Therefore, an effective safety-event reporting and learning system is an essential part of a safety program, in order to avoid patient harm. Important achievements consist mostly in identifying and implementing effective interventions to reduce AEs. 7 Some methods of event reporting and learning have been previously described and are still used, such as random review of hospital patient records, 8 morbidity and mortality conferences, 9 various quality and safety programs, 10, 11 and safety-attitude questionnaires. 12 Numerous prevention strategies may be considered in the ICU. The implementation of such strategies is highly related to hospital resources (ie, human and financial resources). 13 Multidisciplinary "experience feedback committees" are devoted to registration, analysis, and correction of precursor events. 14, 15 This concept is followed by high-risk industries, such as aeronautics or nuclear energy, for "near misses" and accidents. Applying such strategies used in high-reliability organizations to health care is a robust approach for analyzing AEs in hospital. Air France Consulting helped the French hospitals in implementing a method named Orion, a systemic analysis based on voluntary reporting, in the analysis of whether AEs caused harm or not. Orion was recommended by the French National Authority for Health. The medical ICU of our hospital chose this method and emphasized the risk related to medications and health products, leading to the implementation of a multidisciplinary steering committee to focus on the therapeutic care process from prescription to administration. The aim of this work was to describe a multidisciplinary collaborative experience focused on therapeutic care process in an ICU over a 7-year period.
Methods
setting and participants
The multidisciplinary program has been in place since 2007 in an 18-bed adult medical ICU of our 2,200-bed tertiary university hospital in Grenoble, France. Computerized prescription order entry (CPOE) has been used in the ICU since June 2011, without review by a pharmacist. Medications have been delivered to the ICU through an automated dispensing system since December 2007. Whenever an AE or ME occurs in an adult ICU patient, the patient or their family is informed of the situation, its consequences, and the immediate corrective actions. AEs and MEs are reported to the members of the multidisciplinary steering committee.
After a period of training by Air France Consulting, the committee met monthly (meetings were interrupted during the summer). This committee was composed of permanent members (ie, an intensivist, a clinical pharmacist, four nurses, and a research assistant) and guest professionals, such as pharmacy technicians, nurse auxiliaries, or students as required. The ICU head staff promoted staff participation. A statement adopting a nonpunitive approach was signed by all members in the committee. The meeting was conducted in a nonjudgmental manner. The standardized Orion method was used for analyzing each event report, based on a systemic approach inspired by the aeronautic industry, as previously explained.
In accordance with Orion, the meeting was divided into two parts (Figure 1 ). The first part was dedicated to a review of events (AEs and MEs) from an internal voluntary-reporting system, which occurred during the previous month. Any member of the medical, pharmaceutical, or nursing staff could report events, anonymously if desired, via paper or 
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Chapuis et al communication to a committee member. Three types of events could be reported: medication process, safety hazards, or unsafe circumstances that could potentially cause harm; near misses or events that could have caused harm to a specific patient, but were caught in time; and AEs -unexpected and undesired outcomes associated with patient care. 1 The members chose by consensus one relevant event (unusual or potentially harmful) among those reported to be further analyzed by designated "pilot" and "copilot" at the next session. Pilot and copilot were appointed by the group. They could be a physician, pharmacist, nurse or other health care professional, depending on the type of event (eg, a pharmacist and a nurse for an AE concerning medication administration).
The second part of the meeting concerned the analysis of the previous month event by the pilot and copilot. The analysis of each chosen event was conducted following five steps and leading to a written report: event identification, event chronology, root-cause analysis (identification of causes related to political, organizational, and working conditions, team functioning, procedures, actors, and patient), detection of contributing factors (identification of latent and active factors contributing to the genesis of the AE or ME), and checking standard-of-care procedures. Finally, corrective actions were decided collectively by consensus among the committee members before implementation in practice. These corrective actions depended directly on the causes of the AE or ME. They could be related to guideline writing, organizational changes, communication, training, or resource material. 15 They were implemented and followed by the committee members who were appointed to them, depending on their area of expertise. Communication was made with all members of the team using email, staff meetings, or posters.
Data collection
The present analysis was performed for all events reported and analyzed from 2007 to 2013. Data were prospectively collected at each meeting. Each report indicated names and occupations of the participants (physician, nurse, pharmacist, pharmacy technician, pharmacy student, physiologist, research assistant), number and short description of all events, names and work category of the pilot and copilot assigned to the analysis, systematic analysis of the chosen event, and corrective actions. We retrospectively classified the type of event (type of process or product) and the stage in the process (prescription, dispensation, administration, supply chain) for all events, and drug classes (according to the International Classification for Patient Safety and classifications usually used in intensive care studies 3, 13 ) and typology in addition for MEs. For each analyzed event (AE with or without ME), we described report provider, pilot and copilot work category, type of event, stage in the medication process, drug classes, and severity. A multidisciplinary committee (intensivist, two clinical pharmacists, and a pharmacologist) retrospectively assessed ME severity using the NCC MERP method. 16 Consensus was reached for each case. We distinguished among errors that reach the patient, but cause no harm (NCC MERP categories C and D); those that cause harm (NCC MERP categories E-H); and those that cause death (NCC MERP category I), and the typology of corrective actions. Among AEs, we analyzed MEs, defined as any preventable event that may have led to inappropriate medication use or patient harm, by their typology and severity.
Results Participants
From 2007 to 2013, 71 meetings occurred, gathering 7.2 (3 to 14) participants on average each time, as shown in Table 1 . As previously described, the permanent members of the multidisciplinary steering committee were an intensivist, a pharmacist (two different pharmacists during the 7 years), four nurses, and a research assistant.
adverse events reported
A total of 808 events (11.4/meeting on average) were reported (Table 1) . They were mostly related to medication process (30.3% and 33.4% for prescription and administration, respectively). Among them, 526 AEs were related to medications or fluids (65.1%), of which 464 were MEs. The typology of MEs is presented in Figures 2 and 3 . These MEs concerned mostly anti-infective drugs (23.5%) and were related to a wrong dose (35.8%). This was held constant over the 7-year period. We observed a reduction in events related to vasopressors between 2012 and 2013.
adverse events analyzed
Among all events reported, 58 (43 MEs [74.1%]) were analyzed through the standardized Orion method (Table 2) . Reporting was performed mostly by nurses as pilots or copilots (50.7%), along with pharmacists (37.5%). The most common events were associated with anti-infective drugs (16.1%), vasoactive drugs (16.1%), and electrolytes (12.5%). According to the NCC MERP classification, most events caused no harm to patients (categories A-D: 38 events or 65.5%; Figure 4 
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Chapuis et al to the French National Drug Security Agency because they concerned serious adverse effects related to drug administration (treprostinil overdose with flush and headache, intravenous immunoglobulin overdose with acute renal failure and renal replacement-therapy requirement, nitric oxide-inhalation overdose with methemoglobinemia, thrombocytopenia with proton-pump inhibitor, intravenous voriconazole overdose with neurological symptoms). The 58 events were followed by 237 corrective actions, the nature of which is described in Table 2 . They mostly concerned staff training (45.1%) and organizational management (34.2%).
Courses were organized (pharmacology and physiology), and informative and attractive posters were displayed in the ward.
Discussion
This report describes the 7-year involvement of an experience feedback committee in an ICU dedicated to safety-event reporting and review. This is the first transdisciplinary and multiprofessional study performed over a long period. The number of meetings and participants was consistent over time, showing that engagement was well maintained. Reported events were mostly associated with 
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Chapuis et al medication ordering and administration, which is consistent with previous observations. 5,17 These events were mostly MEs, mainly not associated with harm. Regarding the type of medications involved in errors, results were similar to other studies in which the most frequently error-related drugs were cardiovascular (24%-33%), sedative or analgesic (26%), antithrombotic (11%-20%), and anti-infective (13%) medications, 17 and also electrolytes. 3 Reported-error and AE rates did not significantly change over time. As events were reported on a voluntary basis, we hypothesized that this depended on many contributing factors, such as staff turnover, which was high for nurses, the culture of safety, and the workload of health care workers. Administration stage was highly influenced by previous stages (ordering and dispensing errors), and administration MEs were often unveiled at the final moment, when the medication was about to reach the patient, or unfortunately already had. Therefore, nurses and pharmacists were strongly involved in reporting events and analyzing them (50% and 37%, respectively).
Corrective actions arose directly from the root causes highlighted in the analysis. Training activities, such as pharmacology or physiology courses organized by the physicians or the pharmacist, were the most frequent actions. Indeed, in many cases, we identified a lack of knowledge in this field leading to errors. Education is recommended as part of any program intending to reduce AEs and MEs. 25 Poor communication within the health care team and failures in organization were the second type of frequent issue. Changes in the ward care organization or formalization of roles and responsibilities were proposed. Focusing on potentially dangerous and medication classes used daily, we observed a reduction in events related to vasopressors between 2012 and 2013. Indeed, due to the high number of signaled events, we elaborated new standardized recommendations for the preparation and administration of these specific drugs. Other corrective actions consisted in technological solutions, such as the early implementation of automated dispensing systems in 2007, which can explain the low proportion of reported dispensing errors (2.4%). 18 Other technological alternatives, such as CPOE, have been described as important interventions for reducing prescription MEs. 19 It has also been shown that CPOE can generate 
554
Chapuis et al new types of errors. 20 In this study, CPOE implementation in 2011 was not associated with a change in events or errors typology. However, technology is not sufficient to avoid MEs. Therefore, systematic reporting and analysis of AEs are important and remain necessary. Event reporting in this experience has proven usefulness in highlighting active failures and latent conditions in ICU organization. This is known as an opportunity for improvment. 21 Some studies have focused on triggered tools and precursor events, 22 which could be useful to target some significant events in the ICU 6 and may help us improve event reporting in our program.
Other limitations have to be acknowledged in this study. The systemic approach previously developed by high-risk industries regarding near misses and accidents for MEs and AEs occurring in an adult ICU (root-cause analysis) was used. This approach has been criticized. 23 Even if root-cause analysis has potential value in health care, it can fail to explore real systemic problems contributing to AEs. Corrective actions may be weak and insufficient to decrease event recurrence. We were not able to prove a positive impact of our program on the quality of care in the ICU. Our results also failed to demonstrate a reduction in the number of reported events, because of the weak number of events in each category. High turnover of nursing and medical staff, as usually encountered in ICUs, may explain lack of benefit of corrective actions during follow-up. We showed that this program was a dynamic tool for supervisory staff to address priorities in educational needs for the team. Also, it should be recognized that such organizations as hospitals within health care teamwork have inherent weaknesses and latent failures, such as organization, funding, and policy, which can promote errors. 24 Some of our corrective actions were related to these issues, and we did not have control over them. There is a need for such resources as financial investment and expertise of specialists in incident investigation. In this work, the team was composed only of health care workers. AEs were voluntarily reported, analyzed, and corrected by physicians, pharmacists, and nurses without any external intervention.
As recommended recently in a large review, prevention strategies for medication-related events have to be applied for each phase within the medication-use process. Active surveillance systems that include reporting, identification, and evaluation were highlighted. 25 The same review indicated that there was no evidence on the impact of benchmarking for patient safety-surveillance strategies on the rates of MEs, ADEs, or mortality in critically ill patients. 25 We assume that the kind of program we described here takes part in the culture of safety in an ICU. 12, 26 It also promotes teamwork, 27 and the multidisciplinary approach is a significant part of a better analysis, leading the different parties to discussions of interest and to learn about medication processes as a whole.
The involvement of the unit head (physicians and nurses) is crucial in achieving a culture of safety. A multidisciplinary and multiprofessional team decision-making process is more efficient to achieve significant improvements in daily procedures and patient safety. Also, on-ward involvement of a 
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Chapuis et al clinical pharmacist has proven efficient in reducing MEs. 28, 29 We believe that these two factors have been advantageous for this experience. As stated, unit staff and leadership are critical factors for the success of the program. On the other hand, fear of retribution, confusion about what to report and why, lack of feedback or evidence of action taken following reporting, and inconvenience of paper forms are barriers to reporting. 1, 30, 31 We all need to adopt a nonpunitive position to make reporting possible. This is an opportunity to learn from errors.
Conclusion
This experience feedback committee dedicated to safety reporting and review of AEs and MEs in critical care is one of the recommended active surveillance systems, including reporting, identification, and evaluation. Even if no significant and tangible positive impact can be highlighted, this multidisciplinary patient-centered strategy may be a good tool to drive quality improvement at the unit level, targeting appropriate measures for education, supervision, and organization, promoting teamwork, team performance, and patient safety.
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